Community-acquired pneumonia (CAP) is a serious condition associated with significant morbidity and potential long-term mortality. Although the majority of patients with CAP are treated as outpatients, the greatest proportion of pneumonia-related mortality and healthcare expenditure occurs among the patients who are hospitalized. There has been considerable interest in determining risk factors and severity criteria assessments to assist with site-of-care decisions. For both inpatients and outpatients, the most common pathogens associated with CAP include Streptococcus pneumoniae, Haemophilus influenzae, group A streptococci and Moraxella catarrhalis. Atypical pathogens, Gram-negative bacilli, methicillin-resistant Staphylococcus aureus (MRSA) and viruses are also recognized aetiological agents of CAP. Despite the availability of antimicrobial therapies, the recent emergence of drug-resistant pneumococcal and staphylococcal isolates has limited the effectiveness of currently available agents. Because early and rapid initiation of empirical antimicrobial treatment is critical for achieving a favourable outcome in CAP, newer agents with activity against drug-resistant strains of S. pneumoniae and MRSA are needed for the management of patients with CAP.
Epidemiology of community-acquired pneumonia (CAP)
Pneumonia and influenza together are the eighth leading cause of death and the leading causes of infectious disease mortality in the USA. 1 Although the majority of patients with CAP are treated as outpatients, the greatest proportion of pneumonia-related mortality and healthcare expenditure occurs among persons who are hospitalized. 2, 3 Furthermore, the risk of death during a pneumonia-related hospitalization is significantly higher than for many other major causes of hospitalization; in 2005, pneumonia was associated with 4.6 deaths per 100 discharges versus heart disease (3.7) or all-cause mortality (4.2). 4 In addition, pneumonia is the second leading cause of hospitalization (after childbirth) in the USA, with .1.2 million hospitalizations in 2006. 5 In the past two decades, patients aged 65 -84 years have experienced a 20% increase in pneumonia-related hospitalizations. For individuals .65 years of age, the rates of hospitalization and death caused by pneumonia continue to increase even though rates are decreasing for all other age groups. 6, 7 Although mortality due to CAP decreased significantly with the introduction of antibiotics in the 1950s, it has remained stable since that time, whereas hospitalizations are increasing. 8 In recent years there has been considerable interest in individual risk factors and risk-scoring systems associated with mortality for patients with pneumonia. Pneumonia is associated with significant morbidity and mortality; at the same time the host and pathogens are changing, thus there is a need to review this condition.
Risk score and severity criteria assessment
Determination of the site of care [i.e. outpatient, hospitalization or admission to an intensive care unit (ICU)] is typically the initial management decision following diagnosis of CAP. The decision to hospitalize a patient is one of the most costly assessments in the management of CAP because the cost of inpatient care for pneumonia is up to 25 times greater than for outpatient care. 2, 9 Thus, the 600 000 to 1.1 million annual admissions consume the vast majority of the estimated $8.4 -10 billion spent on the treatment of CAP. 2, 5 Use of risk scores and severity criteria may help guide clinicians in the site-of-care decision.
The number of patients hospitalized with CAP can clearly be decreased with use of objective admission criteria. 10 Fine et al.
11 developed a pneumonia-specific severity of illness (PSI) score as part of the Pneumonia Patient Outcome Research Team (PORT) study. The 20 items in the PSI included 3 demographic variables, 5 co-morbid conditions, 5 physical examination findings and 7 laboratory/imaging results. Points were assigned and tallied for each variable present, and the final score was then broken into five risk classes. Patients in risk classes I-III were considered low risk and manageable as outpatients, whereas classes IV and V might require hospitalization. Marrie et al. 12 conducted a randomized evaluation of a critical pathway for management of pneumonia using PSI to assist with site-of-care decisions. The critical pathway group demonstrated reduced utilization of institutional resources (e.g. fewer bed-days per patient managed and decreased admission of low-risk patients) with no differences in rates of complications, readmissions or mortality.
The Infectious Diseases Society of America/American Thoracic Society (IDSA/ATS) guidelines on the management of CAP in adults proposed criteria to identify patients with severe CAP. 3, 13 These criteria have been validated by several investigators. 13 -16 The most recent modification of the British Thoracic Society criteria relies on five easily measurable factors. 17 Multivariate analysis identified Confusion (based upon a specific mental test or disorientation in person, place or time), Urea .7 mmol/L (20 mg/dL), Respiratory rate .30 breaths/min, Blood pressure (systolic ,90 mm Hg or diastolic ,60 mm Hg) and age .65 years. This scoring system was named CURB-65 based on the measurable factors included for analysis. In the derivation and validation cohorts, the risk of 30 day mortality among patients with zero to two factors was 0.7% for no risk factors, 2.1% for one risk factor and 9.2% for two risk factors. Mortality was higher when three to five factors were present and was reported as 14.5%, 40% and 14%, respectively. The authors suggested that patients with a CURB-65 score of 0 or 1 could be treated as outpatients, whereas those with a score of 2 should probably be admitted and treated on the wards. Patients with a CURB-65 score of ≥3 often required ICU care.
Because there are no other randomized comparative trials that evaluate alternative admission criteria for CAP, it is currently unclear whether the PSI or CURB-65 score would be preferred in clinical settings. Although PSI classifies a slightly larger percentage of CAP patients in the low-risk categories while maintaining a lower mortality in low-risk patients when compared with the CURB or CURB-65 score in the same population, 18 several factors should be considered in this comparison. Severity assessment criteria are important in helping physicians to identify patients who need hospitalization or ICU admission, but they are not meant to remove physicians' clinical judgment in the decision-making process.
Aetiology of CAP
Bacteria are the most common aetiological pathogens of CAP and have traditionally been divided into two groups designated 'typical' and 'atypical'. 3, 19 The most common typical pathogens include Streptococcus pneumoniae, Haemophilus influenzae, Staphylococcus aureus, group A streptococci and Moraxella catarrhalis. Atypical pathogens include bacteria that cannot be seen with a Gram's stain and cannot be cultured in regular sputum or blood culture medium. The most common atypical pathogens include Legionella spp., Mycoplasma pneumoniae and Chlamydophila pneumoniae. Atypical pathogens are rarely identified in clinical practice because special laboratory tests are necessary for their identification. PCR-based assays for the pathogens associated with atypical pneumonia are now considered the best approach for rapid diagnosis, 19 although they are not yet widely available. Community-associated methicillinresistant S. aureus (CA-MRSA) is increasingly emerging as another bacterial pathogen associated with CAP. Characteristically, these organisms belong to the USA-300 pulse-field electrophoresis type, contain the Panton -Valentine leucocidin (PVL) gene and tend to produce severe, necrotizing CAP. 20 -22 Other pathogens identified in severely ill patients include Gramnegative bacilli, especially Klebsiella pneumoniae and Pseudomonas aeruginosa.
Viruses are another well-recognized aetiology of CAP, 3 but because of the lack of rapid standardized tests for diagnosis, their real impact as aetiological agents of CAP has not been well defined. Most recently, the availability of multiplex-PCR assays that have been approved by the US FDA, such as the Luminex Respiratory Viral Panel, 23 have advanced the ability to more rapidly detect up to 12 viral targets in a respiratory specimen in a single reaction well. The role of influenza in the aetiology of CAP may also be increasing as a result of the emergence of the 2009 H1N1 influenza A virus pandemic. Other recognized viral aetiologies of CAP include respiratory syncytial virus, parainfluenza virus, adenovirus and metapneumovirus. The aetiology of CAP may be the result of a combination of typical pathogens, atypical pathogens or viral pathogens. During the 2009 H1N1 influenza A virus pandemic, a combined viral and bacterial aetiology of CAP was detected in 30% of hospitalized patients with influenza CAP. 24 A particularly fulminant course of CAP is produced by the combination of influenza and CA-MRSA.
Clinical outcomes in patients with CAP

Clinical outcomes days after hospitalization
The clinical response of hospitalized patients with CAP during the first 7 days of therapy can be categorized into five possible outcomes. 3 As shown in 
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have clinical improvement on the day they met certain criteria (Table 1) . Patients who meet these criteria during the first 3 days of hospital treatment are considered to have early clinical improvement; those who meet the criteria during days 4-7 of hospital treatment are considered to have late clinical improvement. In one study, 28 from a total population of 200 patients, 173 (86.5%) showed evidence of clinical improvement during the first 7 days of intravenous antibiotic therapy. Early clinical improvement (during the first 3 days of intravenous antibiotic therapy) was documented in 133 patients (66.5%). Late clinical improvement (from day 4 to day 7 of intravenous antibiotic therapy) was documented in 40 patients (20%).
Using a pathophysiological approach to characterize the aetiology of clinical failure, it was found that severe sepsis and cardiac deterioration are the primary aetiologies for clinical failure in hospitalized patients with CAP. 29 The vast majority of clinical failures related to CAP occurred during the first 72 h of patient hospitalization. The association of clinical failure with cardiovascular events was reported in a recent article indicating that development of acute myocardial infarction is a common aetiology for clinical failure in hospitalized patients with CAP. 30 Mortality rates in the elderly with CAP are higher than in younger populations, with estimates of up to 30%. 31, 32 A matched case-control database study of Medicare patients with CAP showed that elderly patients had an in-hospital mortality rate of 11% and a 1 year mortality rate of .40%.
33
A recent study by Kothe et al. 31 confirms these findings, showing that increased age was associated with increased mortality in CAP. It is unclear whether CAP is the reason why these patients die more frequently or if it is just a marker of illness in older populations. Several studies have attempted to identify risk factors for developing CAP in this age group. A populationbased cohort study of 46 237 elderly patients was performed to determine risk factors associated with development of CAP in elderly patients. 34 Jackson et al. 34 found that chronic obstructive pulmonary disease (COPD), immunosuppression, smoking, congestive heart failure, diabetes, malignancy and previous hospitalizations for CAP were independent risk factors for developing the disease.
Clinical outcomes weeks after hospitalization
Patients with CAP typically have a follow-up clinic appointment within 30 days after hospital discharge. During the first month following the diagnosis of CAP, some patients may suffer clinical deterioration requiring re-hospitalization. The rate of re-hospitalization (for any reason) within 30 days after discharge for pneumonia was 20% in Medicare beneficiaries in the USA. 35 These data indicate that re-hospitalization within 30 days is a common event in hospitalized patients with CAP. Early outpatient follow-up to evaluate resolution of pneumonia and optimal management of co-morbidities may reduce hospital readmission rates.
Clinical outcomes years after hospitalization
The final evaluation for a patient with CAP usually occurs during the 30 day follow-up visit, and patients who achieve clinical resolution of infection are considered to have survived the episode of CAP. This concept has started to change with recent studies indicating that CAP may impact survival long after the patient is considered clinically cured. 36 -38 In a recent study, a significant decrease in survival for hospitalized patients with CAP was observed over a 7.5 year average follow-up when compared with patients hospitalized for medical reasons other than CAP during the same period of time. Hospitalization for CAP was a significant predictor of decreased survival (hazard ratio 1.4; 95% confidence interval 1.2, 1.5; P,0.0001), even after adjustment for age and co-morbidities, suggesting that having CAP is a marker for increased mortality risk over the long term. 39 
Empirical therapy and unmet needs
Empirical therapy for hospitalized patients with CAP
With the goal of improving clinical outcomes in hospitalized patients with bacterial CAP, the IDSA/ATS have developed guidelines for the treatment of hospitalized patients with CAP (Table 2) . 3 These guidelines recommend early initiation of empirical antibiotic therapy to cover the most likely typical and atypical bacteria associated with CAP. Currently recommended drugs for empirical therapy of hospitalized patients with CAP include a combination of a b-lactam antibiotic to cover typical pathogens and a macrolide antibiotic to cover atypical pathogens or monotherapy with a respiratory quinolone, because these agents have activity against both typical and atypical bacteria. 3 
Unmet needs
The emergence of drug-resistant S. pneumoniae (DRSP) is well documented. 40 -42 However, the clinical relevance of DRSP for pneumonia is uncertain. 9 Studies indicate that current levels of b-lactam resistance generally do not result in treatment failure for patients with CAP when appropriate agents (i.e. amoxicillin, ceftriaxone and cefotaxime) and doses are used, even in the presence of bacteraemia, 3, 43 although some data suggest that resistance to macrolides results in clinical failure. 44 In an analysis of a large multi-hospital database, 41 699 patients hospitalized (but not admitted to the ICU) for CAP were identified from January 2000 to June 2009. 45 Of these patients, 79% received 1 of the 40 mostly commonly used regimens for CAP. Fifteen percent of patients experienced 'real-world' failure of therapy, defined as receipt after 24 h of an antibiotic not used in the first 24 h. This study suggested that one in seven non-ICU CAP patients experience failure of initial antimicrobial therapy.
Risk factors for b-lactam-resistant S. pneumoniae include age ,2 years or .65 years, b-lactam therapy within 3 months, alcoholism, medical co-morbidities, immunosuppressive illness or therapy, and exposure to a child in a daycare centre. 46 Although Table 1 . Criteria to be met for patients to be switched from intravenous to oral therapy 25 -27 (1) Improvement in cough and shortness of breath (2) Temperature of ,37.88C for at least 8 h (3) Normalizing white blood cell count (4) Adequate oral intake and gastrointestinal absorption
Changing needs of CAP iii5 JAC the relative predictive value of these risk factors is unclear, recent antimicrobial treatment is probably most significant. Recent therapy or repeated courses with b-lactams, macrolides or quinolones are risk factors for pneumococcal resistance to the same class of antibiotic. 47 One study demonstrated that treatment with either a b-lactam or macrolide within the previous 6 months predicted that, if pneumococcal bacteraemia is present, the organism would probably be penicillin resistant. 47 Recommendations for use of highly active agents in patients at risk for penicillin-resistant S. pneumoniae (PRSP) are therefore not based solely on efficacy considerations, but also on the necessity to prevent additional resistance development by using the most active regimen. Increasing doses of certain agents, such as penicillins, cephalosporins or levofloxacin, may result in satisfactory outcomes; however, switching to more active agents may help stabilize or even decrease resistance rates. 3 Recently, an increase in CA-MRSA pneumonia has been noted. 48 -52 CA-MRSA strains are epidemiologically, genotypically and phenotypically distinct from the original hospital-acquired strains. These new CA-MRSA are now incorporated into the hospital setting and are producing hospital-acquired infections. CA-MRSA tend to be resistant to antimicrobials, almost always contain a novel type IV SCCmec gene and include the gene for PVL, 53 -55 a toxin associated with necrotizing pneumonia, shock, respiratory failure and formation of abscesses and empyemas. A major concern with CA-MRSA is necrotizing pneumonia associated with PVL and other toxin production. Vancomycin clearly does not decrease toxin production, and the effect of trimethoprim/ sulfamethoxazole and quinolones on toxin production is unclear.
Addition of clindamycin or use of linezolid, both of which have been shown to impact toxin production, may warrant extra consideration for these necrotizing pneumonias. 3 Unfortunately, emergence of clindamycin resistance has been reported (especially in erythromycin-resistant MRSA strains), and vancomycin would still be needed for adequate antibacterial effect.
Summary
CAP is a serious condition associated with significant morbidity and potential long-term mortality. Underlying co-morbid conditions, such as COPD, alcoholism, chronic heart disease and diabetes mellitus, are commonly noted in these patients. Severe CAP is defined by the presence of respiratory failure or symptoms of severe sepsis or septic shock. Approximately 10% of hospitalized patients present with severe CAP, which is associated with a significant mortality rate. The most common aetiological agents found in CAP include S. pneumoniae, H. influenzae, S. aureus, group A streptococci and M. catarrhalis; the most common atypical pathogens include Legionella spp., M. pneumoniae and C. pneumoniae. Other pathogens identified in severely ill patients include MRSA and Gram-negative bacilli. Early and rapid initiation of empirical antimicrobial treatment is critical for achieving a favourable outcome in CAP. Initial antimicrobial therapy should consist of an intravenous b-lactam antibiotic plus a macrolide or a respiratory fluoroquinolone. Modification of this regimen may be considered in the presence of co-morbid conditions and risk factors for specific pathogens. The emergence of Fluoroquinolones also cover S. pneumoniae (including DRSP), H. influenzae and enteric Gram-negative bacilli (Klebsiella spp.).
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iii6 resistant pathogens in CAP continually increases the challenge for appropriate management. From a regulatory point of view, the US FDA classifies CAP caused by typical pathogens as community-acquired bacterial pneumonia (CABP), an updated description that aims to identify patients most likely to have CAP caused by a bacterial pathogen and for whom antimicrobial treatment would be appropriate. 56 New antibiotics for therapy of CABP should demonstrate good activity against the most common typical pathogens. New agents with activity against drug-resistant pathogens are welcome additions for the empirical management of CAP. The articles in this Supplement provide information on ceftaroline (the active form of the prodrug ceftaroline fosamil; herein referred to as ceftaroline), a novel, broad-spectrum cephalosporin that has been approved for the treatment of CABP as well as acute bacterial skin and skin structure infections. 57 In the next article, Joseph Laudano 58 provides a concise review of the mechanism of action, spectrum of activity and basic pharmacokinetic and pharmacodynamic profile of ceftaroline. The results from the two Phase III clinical trials in CAP (FOCUS 1 and FOCUS 2; registration numbers: NCT00621504 and NCT00509106) are presented by Thomas File and Donald Low and colleagues. 59, 60 The FOCUS trials were designed as parallel, multicentre, randomized, double-blind comparative studies to evaluate the efficacy and safety of intravenous ceftaroline (600 mg every 12 h) compared with ceftriaxone (1 g every 24 h) for 5-7 days in adult patients with CAP. The FOCUS studies were identical in design except that patients received two 500 mg doses of oral clarithromycin every 12 h on day 1 of therapy in the FOCUS 1 study. Ian Critchley and colleagues 61 examine the microbiological profile of ceftaroline against contemporary respiratory pathogens collected from the FOCUS trials; key CABP pathogens, such as S. pneumoniae, H. influenzae and S. aureus, were susceptible to ceftaroline with low MIC 90 s compared with ceftriaxone. In the article by Douglas Rank and colleagues, 62 the integrated safety analysis from the two FOCUS trials is summarized and shows that ceftaroline provides the favourable safety profile expected of the cephalosporin class. George Drusano 63 discusses the unique properties that make an antibiotic effective for treatment of CAP, including review of potency, binding affinity for penicillin-binding proteins and rapidity of penetration to the site of action. In the final article, Ronald Jones and colleagues 64 present results from an international surveillance study that demonstrates the broadspectrum coverage of ceftaroline for typical CAP pathogens, including DRSP and MRSA. The articles included in this Supplement provide a comprehensive overview of ceftaroline and suggest that this cephalosporin will provide a useful addition for the treatment of CABP.
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